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IFTRODUCTIOH 
Ithas  been  a  matter  of  ditcuA-t^i  on  :;,- 
Hon^;  o.-i^i;r;cr-rsa  av  t- :,  whether  increasing  the 
coorpression  on  a  gas  engine  would  increase  the 
efficiency  and  econorci'  or  not,  some  e&ying 
that  the  increase  of  friction  more  than  offsets 
the  gain  in  efficiency  while  others  maintain 
that  there  is  a  marked  gain  in  econociy.  It  w« 

the  idea  of  the  writers  that  there  was  a  point 
intermediate  "between  these  tv/o  views  where  the 

efficiency  and  economy  both  reached  a  mean 
maximum.  The  following  series  of  teste  were 
made  with  the  object  in  view  of  determining 
this  intermediate  point  for  a  Fairbanks -Morse 
seven  horse  power  engine  when  operating  under 
certain  given  conditions. 


It  was  the  intention  of  ^-ifs  writers 
to  increase  the  compression  froai  its  normal 
value  of  SLhtxxt   58  poionds  to  the  limit  as  set 
yvj   tha  strengtri.  of  bne  -load  bolts,  taking 
one  hour  runs  on  each  compression,  noting 
all  the  uaual  readings  for  a  gas  engine  test, 
?roin  the  data  thus  obtained  curves  were;  to 
be  drawn  vvnich  v/ould  show  hov/  the  efficiency 
and  econo.TC"  varied  v/ith  the  co.npreijt  J  on, 
pESCEIPTION 

The  engine  teettd  is  a  four  stroke 
cycli-  yingle  cylinder  of  the  compression  type, 
It  is  rated  at  seven  horse  j^ov/e-  c.nd  hai;>  u 
Viors  01  c-3/4  incheo  and  a  str'Oks  of  12  inohe; 
A  oentrifii-jal  gover'io--  a:i''.ing  on  the  "hit 
and  miss"  principle,  controls  tae  spe-^d  of 
the  engine,  maintainiiig  an  average  of  254  R.P. 


Tlis  ordinary  poppet  style  ie  used  for  toth 

the  inlet  &nd  eshauet  valvee,  the  former 
being  automatic  and  the  latter  mechanically 
operated  hy  a  cam  driven  "by  two  to  one  gears 
from  the  main  shaft.  Ignition  ie  secured  "by 
the  use  of  an  inclined  cam  on  the  large  gear 
from  which  the  motion  is  transmitted  by  a 
horizontal  shaft  to  an  oscillating  lever 
which  makes  and  breaks  the  circuit  through 
platinum  electrodes.  The  point  of  ignition 
may  be  varied  through  a  considerable  range 
by  the  adjustment  of  a  scrsv:  on  the  trippint^ 
lever. 

The  po-</er  develoi,-^  oy  th-  —^.inc  is 
o-cbcrluo.  by  a  form  of  Prony  brtJce  ccnsifctin^ 
or  stripiLi  of  -./oci  :.r.ld  in  ]-.li.,ci::  1:y  iron 
surapi.-.,  Ti3  load  raay  be  varied  "oy  adjusting 
a  bolt  batv^-;:i  the  ends  of  theae   ^trapa, 


tiius  changing  the  friction  o.-;  a  ■.fatsr  cooiad 
pulley,  iPor  obtaining  the  total  ^.^o.73r,  a 
Cros'oy  <2a3  -engine  indicator  was  used  with 
a  160  oound  spring  for  the  lower  oo:rrpre3ol^^a,i 
a..-.!   a  340  :'Ound  s::^!!^;  for  ths  ai.^aa:'',  TnQ 
motion  of  the  piston  was  c ona. ;ran ic at ed  to 
the  indicator  oy   a  p  "c^  e''i./-  adjusted  panto- 
graph and  a  cord.  The  exploaions  we>'3  :'.'cord- 
e.l  "by  a  box  counter  iuade  "oy   Schaefr^r  and 
Budenburg,  actuated  by  a  lever  connected  to 
the  exhaust  rod. 

The  engine  is  so  designed  that  the 
length  of  the  connecting  rod  and  conae'-iuent- 
ly  the  co3ipr3^.iion  in  the  cylinder,  aay  be 
inersacjed  by  i:z^3--tinz   st^^l  s/ii.Mo  between 
the  brass  craiii  box  and  the  '-iiad  of  the  rod, 
A  nitaber  of  GUch  Ghia;j  v/ei-e  t'Lert-for-o  .aade 
varying  in  thickness  from  ,15  inch  to  ,4  inch. 


Tsy  the  use   of  the  proper  combinations 
of   thess  shima   alraoat   any  dasired  co:upras3ion 
could  be   secured.    On   exsunination,    tha  cylinder 
was  found  to  bs  worn  «,na,    instead  of  reboriag 
it,    a  ny,/  piston    .-.ra-j    a;-.ae,    tiae   «nu   of    /jiicr. 
was  turned  dovra  1/I6   inch,  for  a  length  of 
2-1/2  inches,    thus  permitting  it  to   overtravsl 
the   unworn  portion   of   the  cylinddr, 

METHOD 
A  number   of  prelirain&ry  runs   '.ver^ 
■lade  to   get  the   engine   into  good  condition 
and  to   determine   the  proper  mixtur'e   of  gas    .r 

and  air  for   good  perf oma-ice.   F/iilQ   thede 
■.vert;   in  progress    i '-   v/as  decidfeu   to  keep   the 

braJce  horse  power  constant  throughout   the 
testa,    thus   jjiraulating  a  practical  plant   op- 
erating on  a  constant  load.   This  procedure 
also    eliminated  one  variable   and  made   the  re- 
siats  comparable  without  much  reduction. 


The   teaperature   of   tfre  jaolcet    -at-ir 
.vas  kept   as  nearly  constant   as  possilDle   at 

alDOut   154  deo'"-;a  Pahreniieit    ^-irou^jiriout    t:ie 

The  indicator  springs   -^sre  cnrafally 
calibrated  by  attachiag  the  indicator  to  a 
Crosby  gauge   tester,    the  preosur'es    oeiag 
produced  in   the   same  vmy   as   in  c--iiibratiri^ 
gauges.    The  calibrations  were   checked  by   a 
repetition  of  this  process,   A  cvirve  showing 
the  variation  from  the  true  scale   is  given 
on  page.J'?^  for   refer snce,    only   those  points 
being   included  which  v/era  used   in  the  cal- 
ciilations   of   the  rr-i;iiilt-3. 


DISCUSSION 

The.  results   of  tlia   teiity   a,r3  plotted 
on  page  //    where  the  various   items   are   indi- 
cated as   ordinat-j3   and  the  compression  u& 
alDsciasiae,   They  are  also  given   in  tab^xLar 
fora  on  page  /-?  ,   5'rora  the  standpoint   of  de- 
termining the  law  of  variation  of  the   econogar 
and  efficiency  with  the  c  0:1^0  r  ess  ion,    the  rs- 

sult;i   are  far  from  conol'aaivs,    t/i.ors   evident- 
ly "ceing  no  law  expressing  such  variation. 
This    is   the  natural   inference   from  these 
tests  "i^ut   ii;    is    Ki^i   opinion  of  the  virrity:-'s 
that  such  a  law  exists   and  may  "be   detennia'Dd 
hy  a  series   of  teste    in  which  several  I'-ari- 
ables,    o-rer3.ooL-:sd  in   thio   invsiati.^utlon, 
are  eliminated. 

Probably  the  laost  important  of  th^sy 
variables  is  that  of  the  point  of  ignition. 
In   these   tasto,    i ''•  v/as   a':';eap^>ed  to  keep 


this  constant  merely  oy  tlie  general  appear- 
ance of  t}i3-  itfiriag  line"  on  the  indic&.to'* 
card3.  On  closer  investigation,  ji0\73^/er,  it 

was  fovind  that  coasidera'ole  variation  in 
the  point  of  ignition  could  exist  without 
materially  changing  the  general  appearance 
of  the  card  as  Jiay  he  ^efm  by  reference  to 
the  sample  cards  herewith.  By  a  ijeriea  of 
tests  on  this  engine  by  Bradley,  Garcelon, 
and  Longnecker  (Thesis  A.I.T.  1900)  the  ef- 
fect of  such  variation  v/as  detar:';iJ.aed  and 
the  conclusions  dra.vn  in  their  svtaaiary  are 
"that  the  maximum  efficiency  always  ocourrs 
'ffhe-.i   the  ignition  is  before  the  ^nd  of  tha 
stroke;  that  the  nearer  the  angine  is  vforlc- 
ing  to  its  rated  capacity,  the  nearer-  the 
end  of  the  stroke  should  ignition  take  place; 
T.iat  for  verv  early  and  very  late  ignitions 
the  efficiencies  are  not  so  much  affocted 


^oy  a  giYsn  ciiange  in  the  point  of  ignition 
as  they  are  vvhen  such  c hangs  io  raade  in  ig- 
nition a^Arar    th3  and  of  the  stroice^", ,  .  ,  , , 
Also  in  a  dioourobion  by  Prof .W.T.Magruder 
of  a  paper  by  Prof ,C.V,E:err  in  which  »/ere 
presented  the  results  of  theae  teata 
(A.S.M.E,  Transactions  Vol, 22-Page  166) 
it  was  brought  out  "that  the  friction  of  a 
gas  engine  is  not  necessarily  constant  nor 
is  it  yet  a  function  of  the  horse  powerj  but 
rather  that  the  friction  increases  with  the 
earliness  of  ignition  and  that  the  maximuai 
indicated  horse  power  for  a  given  brake 
horse  power  may  be  a^  rauch  as  21  percent 
greater  than  the  jiinL-aum," 

If  these  conclusions  are  correct,  i'; 
■vouid  a.ui.jear  that,  since  in  the  present  in- 
vestigation, th;;  ignition  ./as  very  near  the 
end  of  the  stroke,  a  slight  change  in  the 
time  thereof  would  have  the  ma^-cinun  effect 


on  the  efficiency,  ?roia  the  curves  aocoiapan- 
ying  Prof  .Kerr's  paper  it  Y/as  observed  that 
a  variation  in  tiis  point  of  ignition  of 
1/2  inch  "before  the  Qnd.   of  the  atrolce  to  the 
end  of  the  stro]r=  '.7culd  cauae  u  dscrea,.;;.e  in 
the  indicated  horse  power  of  a'oout  l/i   horse 
povrer  ^:iheri   tri'^  engine  is  developing  5  "braie 
horse  power.  This  corresponds  to  a  differ- 
ence of  5  per  cent  in  the  indicated  horas 
po^ver  for  the  same  developed  horse  power  for 
thid  slight  variation  in  the  time  of  ignition. 

With  th*»  in  mind  it  woiAld  appear 
that  the  curves,  presented  herewith,  coiold  Tse 
corrected  for  the  point  of  ignition  by  an  a^ 
plication  of  the  proper  correction  factor, 
60  that  they  would  represent  some  law  gov- 
erning the  variation  of  the  efficiency  and 
economy  with  the  compression. 
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